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F.B.A. Translation (U.S.) No. 80 
Experiments with the hatching of salmon spawn, 1966-1971 
BUA B. & SNEKVIK E. 1972 
Vann, 1972, No. 1, 86-93 
Translated by I. Talling 
Einar Snekvik, civil engineer is a scientific consultant 
to the Ministry for Sport (Hunt), Game Management and 
Freshwater Fisheries, Vollebekk. 
Bjarne Bua is a retired policeman and had previously 
worked in the Forensic Laboratory and he acts as the 
hatchery manager at Finsa Hatchery, Marnardal. 
From a talk given to the Norwegian Society for Water conservation and Water 
purification. 
The purpose of these experiments was to find out the tolerance of different 
species of salmon fish in acid hatching water and if different strains of the same 
species differ in their response. The study was made in the Fins-river hatchery, 
Marnardal and hatchery manager Bjarne Bua was responsible for the practical part 
of the work. 
Water from Mandals-river was pumped up to be used as hatching water in the 
experimental boxes. It was difficult to prevent the water from becoming somewhat 
harder and less acid than the river water because of mud settling out during 
transport from the river. The hatchery itself, except for the experimental part, 
is run on water from the less acid tributary Fins-river (Fi). 
The fertilized eggs were put into the experimental boxes in October/November 
in a number from a few hundred to 1000-1500. The importance of acidity for the 
processes of fertilization was not investigated. Dead fish eggs were taken away 
and the number noted. In the acidified water spawn died at a relatively early 
stage, but in general it was found that the last stages, such as the eye-stage spawn 
and the newly hatched yolk-sac-fry were most sensitive (this was also confirmed when 
fish eggs were transferred in trays from Ma to Fi at different times). The 
experiments were concluded the following year when the yolk sac had visibly dwindled 
and the fry had developed a few days towards "the fry ready to be transferred" in 
May/June. 
The acidity was adjusted with doses of dilute solutions of HCl, resp. NaOH, 
or perhaps with a lime or marble filter. In the other experimental series with 
salt additions, a solution of salts (CaCl2 -MgSO4 - NaCl), which do not influence 
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the acidity, were added to the hatching w a t e r . In diagram 4 the salts are designated 
as Ca, Mg and Na. 
In the first series acidified, non treated and Ma water made basic was used. 
In one series only from 1967/1970 was acidified water from Fi used. 
In some special experiments in 1969/70 at Boen Bruk, Tveit, a series was run 
with untreated water from Toppdals-river (To). 
This type of experiment is difficult to execute because of the many variable 
factors which enter into the picture, such as the quality of the fish spawn 
depending on the stock fish, how well fertilization was carried out and the handling 
of the spawn, such as the transport to the hatchery. Reference experiments were 
made by hatching in own hatching boxes with Pi water filtered through lime filter, 
while the rest was run with Fi and the expression Fi (d) used when the same water 
is used as a reference. This survey only includes results where the hatching 
percentage was high. In that way the effect of the above mentioned variables should 
be eliminated to a great extent. Furthermore, we have not succeeded in obtaining 
results reproducible from one year to another for the same type of fish. 
The results are shown in tables 1 - 4 . The mean pH values are given, conductivity 
(μMho) and total hardness (mg CaO/l). For the series with acidified water the mean 
values include the time (for mortality) from the beginning of the experiments till the 
end. of February the next year, while the mean values in general include the time from 
about April 1, till the end of the experiment. Though it is, strictly speaking, 
incorrect, we here use mean values to express the results as a sort of survey (summary). 
There have been oscillations, which have decreased with time, as the experimental set 
up has been improved. Large natural variations occurred in the pH of the reference 
experiments in Fi. 
Table 1 shows the results for 1966/67 and 1967/68 of experiments with salmon and 
seatrout from Ma. The dependence of the hatching percentage on the pH is evident, 
as the de-acidification of Ma gave a positive effect and the acidification of Fi a 
large negative effect. Table 2 show the results for 1968/69 and 1969/70 for the 
following species: 
Salmon from Mandalsriver -Ma 
" " Sandviksriver -S 
Seatrout from Mandalsriver -Ma-so 
Rivertrout from Mandalsriver -Ma 
Trout from Slidrefjorden 
i Valdres -Sli 
Better results were obtained with salmon from Ma than S in 1968/1969, but it was 
the other way round in 1969/1970. 
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Table 1 and 2 show that the seatrout is less sensitive to acidified water 
than the salmon but more sensitive than the 2 types of inland trout. 
Considering the inland trout, Table 2 shows that the rivertrout from Ma 
appears to be a bit more robust (resistant) towards acid water than the trout from 
Slidrefjord. 
Table 3 shows the 1970/71 experimental results for trout from Hjellesvatten 
(Hj.v), Marnardal, trout from Slidrefjorden and red char from Nomevattnet, Oyslebo, 
Vesi-Agder. The stock of salmon and seatrout in the Mandalsriver has declined 
sharply and it was not possible to obtain fish for breeding stock from there in 
1970 and 1971. The same situation existed for the rivertrout in Mandalsriver 
and the trout from Hjellesvatn, Marnardal was therefore used for the experiments. 
A random test for this lake, Ma and Fi on 15/l0 1970 was as follows: 
Table 3 show the exceptionally good results for the trout from Slidrefjord, 
better than the previous year and better than the trout from Hjellesvatn. The 
red char also showed sensitivity to acid conditions in the water and it might be a 
bit more sensitive than the inland trout. The relatively low hatching percentage 
of 77.7 for the reference experiments in Pi makes conclusions rather uncertain. 
Table 4 shows the results from the experiments when added were different doses 
of salt solutions of calcium chloride, magnesium sulphate and sodium chloride. 
These additions increased the concentration of Ca-, Mg-, Na—, Cl- and SO4-ions, 
thus ions already naturally present in the water. Six different concentrations 
and six different stocks of salmon-fish gave us a total of twenty-two experiments 
and of these nineteen gave clear positive results with regards to the % hatching 
as influenced by the salt addition. The three experiments, which did not give 
positive results all had o % hatching both with and without the salt. The lines 
in the diagram do not show the course of increased salt concentration. They connect 
each salt addition experiment to the corresponding reference experiment without the 
addition of salt. 
The conclusion is drawn from these experiments that the salt concentration 
is of importance for hatching, even under natural conditions of hatching in the 
natural water bodies. 
This is also confirmed by the experiments,. as the hatching in Fi with harder 
water proceeded always rather better than in water from Ma under approximately 
the same conditions. This salt effect appears to be of much less importance than 
the effect of acidity. 
The pattern in many Sorlandsrivers seems to be that the salmon stock has gone 
down to a minimum, while the seatrout stock appears to have held a reasonable level. 
Where the seatrout has declined, the rivertrout has increased in number. In 
Mandalsriver the above stock appears also to have declined during the last years. 
If acidity is put as. the cause for this pattern, then it agrees with our results 
from the hatching experiments. 
Diagrams 1 - 4 show the experimental results for each fish type and the 
critical pH area for hatching can be seen. The diagram shows that the critical 
pH area for salmon lies in soft water at 5.0 — 5.5, for seatrout and red char at 
about 4.5 _ 5.0, and for inland trout at about 4.5. These results confirm earlier 
studies. 
The assumption that the salmon and trout stock from Sorland are adapted to 
the more acid milieu, and thus more robust in acid water than are comparable fish 
stocks from areas where the water is only a bit acid or neutral (Sandvikselv), is 
not supported by these experiments in relation to hatching. 
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TABLE 1 
Hatching experiments with different pH 
Hatching water Ma - for the reference experiments and the general run Fi 
TABLE 2 
Hatching experiments with different pH 
Hatching water Ma and To - for the reference experiments and general run Fi 
TABLE 3 
Hatching experiments at different pH in 1970/71 
Hatching water from Ma - reference experiments Fi 
TABLE 4 
Addition of different salts to the hatching water (Ma) 
The effect upon hatching of salmon, trout and red char 
1. Hatching experiments with salmon 
2. Hatching experiments with 
3. Hatching experiments with trout 
4. Hatching experiments with the addition of salt solutions 
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